alteration of cells is the earliest event of those so far reported during the transformation process and is not dependent upon protein synthesis and extracellular plasminogen during the period of temperature shift. Transformation of cultured cells by RNA tumor viruses is accompanied by changes in morphology and other biochemical functions. When chick embryo fibroblasts are infected with Kawai and Hanafusa's Ts68 mutant of the SchmidtRuppin strain (subgroup A) of Rous sarcoma virus (RSV), the expression of the transformation phenotype of infected cells is dependent upon temperature, i.e., permissive at 360 and nonpermissive at 410, whereas other viral related functions are reported to be the same (1) . Alterations in several transformation-related biochemical functions in Ts68-infected cells have been reported during the time course of a temperature shift from 410 to 360. In brief, there was an increase in glucose uptake from 4 to 6 hr; loss of membrane-associated protein of molecular weight 45,000 from 3 to 6 hr (2); secretion of proteases from 8 to 20 hr (3); and reduction in a surface protein of 250,000 daltons (LETS or Z protein) after 20 hr (4) .
However, the most remarkable observation has been the rapid change in cell morphology from a flattened and elongated to a more rounded, refractile shape during temperature shift. This significant change can be detected by use of the light microscope as early as 1.5-6 hr (1, 4 (6) .
RESULTS
Ts68-infected chick embryo fibroblasts maintained at 410 (Fig. LA) have a flattened, elongated shape and a smooth surface, and are essentially identical in appearance in uninfected cells. As early as 30 min to 1 hr after a shift in temperature from 410 to 360, some of the cells assume a rounded or partially rounded shape with regions of the membrane drawn together into ribbons or flower-like shapes, i.e., surface ruffles (Fig. 1B) . In order to determine whether cells undergo a morphological transition as a function of time, we fixed cultures at various times after the temperature shift for examination in the scanning electron microscope. Many low magnification photographs showing a total of 600 cells were taken at each time point. Cells that were flattened and with- The application of cycloheximide, an inhibitor of protein synthesis, at the beginning of the temperature shift had no effect on the rounding of cells or the appearance of surface ruffles. Fig. 4 is actually a picture of a cell incubated with 5 ,gg/ml of cycloheximide from the time of the shift from 410 to 36' until fixation 2 hr later. In a control experiment we have shown that under these conditions the level of incorporation of radioactive leucine into protein in the presence of cycloheximide is only 1% of that occurring in its absence. Therefore, it is likely that all proteins necessary for the expression of surface ruffles and cell rounding, including the temperature-sensitive protein, are already present at 410 and that the temperature-sensitive process does not depend on protein synthesis. We did find, however, that cycloheximide itself does have an effect on the surface morphology of these cells. Cells treated with 5 ,tg/ml of cycloheximide for Cell Biology: Ambros et al. 2 hr showed the appearance of spikes protruding from the surface in the region where there are no ruffles (lower right corner of Fig. 4) . Fig. 5 is a transmission electron micrograph (6) of a surface ruffle on a transformed cell incubated at the permissive temperature and sectioned perpendicular to the plane of the culture dish. This preparation confirms the existence of ruffle-like structures, which, as can be seen are composed of normal cytoplasmic materials except that they do not contain large organelles.
The appearance of surface ruffles and rounding of cells was also found to occur when cells were incubated in plasminogen-free serum. This observation confirms the previous report (3) (9) of cells infected with wild-type RSV (Schmidt-Ruppin strain). Probably the differences in appearance of the structures seen in our electron micrographs and those of Hale et al. result from the long fixation period used by them, which we have found leads to partially degraded preparations. The existence of surface ruffles has also been confirmed by transmission electron microscopy. The material appearing in the ruffles is indistinguishable from normal cytoplasmic components except that they do not contain large organelles.
We have described that the earliest event after a shift of Whether this phenomenon may be attributed to a "transforming protein" coded by such viruses or to other factors requires further investigation.
In view of the briefness of time and the lack of requirement of protein synthesis, the appearance of ruffles must represent a rearrangement of preexisting membrane structures. Recently Pollack et al. (10) have shown that the cablelike structures, which are normally present in untransformed cells and which may be revealed by an immunofluorescent technique involving anti-actin and anti-myosin, are absent or reduced in simian virus 40-transformed murine fibroblasts. Even though similar work on RSV-transformed chick cells has not been reported, we would predict that such structures would also be absent in transformed chick cells. With these reservations our data are compatible with the belief (10) that there is a redistribution and reorganization of actin and myosin-containing filaments in the transformed cell.
In summary, our view of the transformation process after infection with the Ts mutant would seem to involve the following sequential steps: (i) synthesis of an essential viral coded protein characteristic of transformed cells, i.e., "transformation protein"; (ii) reaction of this preformed temperature-sensitive protein at the permissive temperature to yield Cell Biology: Ambros et al.
surface ruffles followed by rounding of cells; and (iii) further synthesis of certain proteins characteristic of the transformation phenotype, for example, glucose receptors. At the present time it is difficult to assess whether the morphological change per se or an associated process is the initiating event that occurs in the Ts mutant-infected cells during the shift in temperature from the nonpermissive to permissive range. Although the secretion of proteases is not detected until approximately 8 hr after the temperature shift, it is possible that low levels of activated protease, formed early and acting intracellularly, could be responsible for the morphological changes observed in this investigation.
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